Figure 1 > The separation of volatile compounds from non-volatile components is carried out using the solvent-assisted avor evaporation (SAFE) technique / 1 /.
Adhesives generally exhibit an unpleasant odor. Little is currently known about the substances that are responsible for these odors and how they may affect the human organism. The present analyses investigated the substances that are responsible for these unpleasant odors. Philipp Denk, Eva Ortner, Andrea Büttner Odors play an important role in our everyday lives. We frequently encounter naturally occurring odors, such as the smell of flowers or wood, but odors of manmade origins are increasing abundant in our environment. Many such odors are perceived as being unpleasant, such as the smell of adhesives. Unpleasant odors in products can not only strongly influence the purchasing decision of consumers, but can also significantly affect indoor air quality due to their predominant use indoors. In addition, odors that are released during production can lead to a strong odor burden in the workplace. Little is currently known about the odoractive substances in adhesives, or their irritation effect on humans. A joint study between the Fraunhofer Institute for Process Engineering and Packaging IVV and Friedrich-Alexander-Universität ErlangenNürnberg targeted the odor of adhesives in view of identifying the nature and origin of the odorants responsible for the smell of adhesives. The results of these comprehensive studies provide important information for developing avoidance strategies and producing products with a lower overall odor impression.
The challenges of odor analysis
The analysis of odorous substances is challenging. On the one hand, a large number of chemical compounds must be extracted as unselectively as possible from the adhesive matrix due to the very broad spectrum of chemical and physical properties exhibited by different odorants. On the other hand, odor-active substances must be separated from odorless volatile compounds and their underlying chemical structures must be elucidated. To address these challenges, a combined approach of using human sensory evaluations and instrumental analysis is employed. Using this approach, the odor of an adhesive sample is first evaluated by a trained sensory panel, whereby individual odor attributes are determined. The intensities of these individual attributes in the adhesive sample are subsequently evaluated in direct comparison to reference odorants. In addition, the overall odor intensity and the hedonic rating, i.e., the personal liking or disliking of the adhesive, is evaluated by the panel. The average of the panel ratings are then summarized to create an odor profile that can visualized graphically by means of a spider-web diagram. Using this approach, the odor of individual samples can be compared and evaluated directly.
Identi cation and quanti cation of odorants
The identification of odorants in an adhesive sample requires that they are first extracted from the sample matrix. The extraction of all volatile compounds, including the odor-active substances, is made by using dichloromethane that is then distilled using a process known as solventassisted flavor evaporation (SAFE) /1/ ( Figure 1 ). This method allows the volatile components to be separated by the nonvolatiles under gentle distillation conditions. The high vacuum and low temperatures used in this process prevents the degradation of odors and the formation of artifacts or the generation of odor-active substances, thereby not altering the odor profile of the extract compared to the original sample matrix. The distillate that is obtained by SAFE is then enriched to ca. 100 µl by Vigreux distillation and microdistillation /2/. The smell of the odorous compounds present in the sample is characterized by screening the distillate of the extract by gas chromatography-olfactometry (GCO), whereby an aliquot of the distillate is applied directly to the capillary at low temperatures using the cold on-column technique. At the end of the capillary, the effluent is split between a flame ionization detector (FID) and an odor detection port (ODP). The presence of a volatile organic compound in this gas flow elicits a signal in the FID and at the same time the odor quality and intensity of odor-active compounds is evaluated by a trained panelist. In this case, the human olfactory receptor system is the most suitable and sensitive detection method as it offers much lower detection limits for odors and is much more selective than any analytical detector currently available. In order to determine which odorous substances contribute most to the overall impression of the (adhesive) sample, a method known as odor extract dilution analysis (OEDA) is used /3/. In OEDA the sample distillate is diluted stepwise with dichloromethane and an aliquot of each dilution step is analyzed by GC-O. The higher the dilution factor in which an odorant is still perceivable by the human assessor, the higher the impact this compound has on the overall odor of the sample. To identify the odorants of relevance their retention indices and their odor qualities are compared to those of reference compounds. A subsequent calculation of the retention index allows the retention times to be normalized relative to a homologous series of n-alkanes. Finally, the results of the GC-O analysis are confirmed by use of a mass spectrometer and a comparison of the mass spectra of the compounds detected with those of reference compounds. Samples such as adhesives typically contain a large number and wide variety of volatile compounds, which often leads to analytical signals that overlap those of the important odorants present in the sample. As such, the use of gas chromatography-mass spectrometry/olfactometry (GC-MS/O) alone is not enough to unambiguously
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Nordson has extensive experience in battery cell assembly processes, working with leading manufacturers around the world to dispense thermal management materials, bonding urethanes and epoxies, and environmental encapsulants. We overcome challenges such as dispensing wide ratio, dissimilar viscosity or abrasive materials with precision, consistency and automation. identify predominant odorants. In these cases it is necessary to use a two-dimensional GC-MS/O, whereby odor-active regions of the chromatographic effluent gas is transferred via a cryogenic trap to a capillary column in a second GC-system; this column has a different polarity to the first, which leads to a differential elution and separation of compounds that co-elute in the first column (Figure 2) . After successful identification of the most intensely smelling odorous compounds, a quantification of these odorants is carried out by means of stabile isotope dilution assay (SIDA) analysis. In this approach, isotopically labeled (deuterated or 13 C-labeled) structural analogues of the odorous target substances are added to the sample material as an internal standard during the extraction. These labeled compounds have almost identical chemical and physical properties as the target odorants, thus any losses occurring during the sample work-up procedure will affect the both target and labeled reference compounds to the same degree, allow for such losses to be compensated for during quantitation.
Results of acrylate-based adhesives
The procedures above were used to characterize dominant odorants in a series of acrylate-based adhesives /4/. Different acrylate, methacrylate and benzyl methacrylate adhesives were evaluated by sensory analysis and then analyzed by instrumental methods, as described above. A total of 27 odorants with different odor impressions and chemical structures were successfully identified. Amongst these were various odor-active monomers, including the fruity smelling benzyl methacrylate and the lighter gas-like smelling methyl methacrylate. In addition, residual solvents of the manufacturing process such as n-butanol (malty) were detected. Another large chemical group of the compounds that were identified were phenols and related derivatives, such as p-cresol (horse stable-like), 2-bromophenol (medicinal) and guaiacol (vanilla-like, smoky) . These compounds may stem from the degradation or by-products of phenolic compounds that are used as additives in adhesives. Various ester compounds were also detected, including butyl benzoate (fruity) and phenyl acetic acid methyl ester (honey-like), which 
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adhesion 2 I 18 may appear as by-products of one of the examined adhesive components. The results obtained from this approach can provide important information about the possible origin and formation pathways of odorous substances in such products. This knowledge is of great importance in developing avoidance strategies that allow manufacturers to produce products that exhibit a lower overall odor or exhibit improved smell characteristics. Adhesives, which are used in many modern products, cover only a fraction of the sample materials actively undergoing investigation in the non-food sector activities of the department of Sensory Analytics at Fraunhofer IVV. Amongst other things, the department is currently characterizing the odorants present in children's toys, woods, plastics, paints and pigments, with a view to providing manufacturers with essential insights and support in establishing avoidance strategies to solve odor problems associated with their products. //
